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We model a melt of monodisperse side-hain liquid rystalline polymers as a melt of omb opoly-
mers in whih the side groups are rod-oil diblok opolymers. We onsider both exluded volume
and Maier-Saupe interations. The rst ats among any pair of segments while the latter ats only
between rods. Using a free energy funtional alulated from this mirosopi model, we study the
spinodal stability of the isotropi phase against density and orientational utuations. The phase
diagram obtained in this way predits nemati and smeti instabilities as well as the existene of
mirophases or phases with modulated wave vetor but without nemati ordering. Suh mirophases
are the result of the ompetition between the inompatibility among the bloks and the onnetivity
onstrains imposed by the spaer and the bakbone. Also the eets of the polymerization degree
and strutural onformation of the monomeri units on the phase behavior of the side-hain liquid
rystalline polymers are studied.
I. INTRODUCTION
Side-hain liquid rystalline polymers (SCLCP) are
omb opolymers omposed of a long main hain bak-
bone with elongated rigid side hains regularly attahed
through exible spaers hain (shemati representation
on gure 1). Despite their high visosity, whih an be
two orders of magnitude higher than monomeri liquid
rystals, SCLCP are good andidates to storage infor-
mation by loking oriented strutures into glassy states
[1℄.
These interesting omplexes an be though of as
supramoleular polymers of rod-oil diblok opolymers.
In rod-oil diblok opolymers the inompatibility be-
tween bloks ompetes against their onnetivity lead-
ing to a frustration of the marosopi phase separa-
tion. This ompetition, together with the tendeny of
the rod segments to align with eah other, results in a
remarkably rih variety of mirophase geometries[2, 3℄.
Suh patterns are haraterized by alternating regions
of eah blok with dierent olletive orientations of the
rods[4℄. The main dierene between the rod-oil diblok
opolymers and the SCLCP is the introdution of ad-
ditional orrelations among the rigid moleules brought
by their linking through the bakbone[5℄[6℄. Based on
the aumulated theoretial and experimental knowledge
on rod-oil diblok opolymers[3℄[7℄[8℄[9℄ and omb-like
opolymers[10℄[11℄[12℄ it is natural to expet that mi-
rophase segregation will also play an important role in
SCLCP.
The urrent experimental and theoretial understand-
ing of the physial properties of liquid rystalline poly-
mers derives from the knowledge on monomeri liquid
rystals and their solutions with polymers. In a pioneer-
ing work, Vasilenko, Shibaev and Khokhlov [13℄ devel-
oped a model for the SCLCP based on Matheson and
Flory [14℄ lattie theory for hains with rodlike setions.
  
  
  
  
  
  
  
  
  









   
   
   
   
   
   
   
   








  
  
  
  
  
  
  
  
  









  
  
  
  
  
  
  
  








  
  
  
  
  
  
  
  
  









   
   
   
   
   
   
   
   








PSfrag replaements
ns
τ = 1
j = 1
δt
nr
j = nt
τ = nb
Figure 1: Model for the side hain polymer. The bakbone
and the spaer are onsidered as Gaussian hains of nb and ns
segments respetively while the rigid rods have nr segments.
There are nt side groups separated by a distane δt along the
bakbone.
The emergene of thermodynami phases with omplex
nemati orderings was then desribed as a purely entropi
eet driven by the main hain exibility. This model
has been later improved by Auriemma, Corradini and
Vaatello[15℄ to better inlude steri repulsion eets.
These theories neglet the Maier-Saupe anisotropi in-
teration and should be thus valid in ases where Maier-
Saupe interation between segments is negligible when
ompared to steri repulsion. The study of anisotropi
interations in SCLCP was rst introdued by Wang
and Warner [16℄. Their theory desribes the interplay
between side-hains and bakbone nemati orderings by
means of an extension of the Maier-Saupe theory. In this
ase, the SCLCP melt is treated as a mixture of worm-like
2moleules and rigid rods with their own nemati order-
ing tendenies analogously to the model studied by ten
Bosh, Maissa and Sixou [17℄ for a solution of nemati
polymers in liquid rystalline solvents. The Maier-Saupe
oupling (MS) between the bakbone and the side-hains
is introdued through a onstant that desribes the ee-
tive exibility of the spaer and determines up to whih
extent the side and main hains tend to be perpendiu-
lar. While in the ase of a solution of nemati polymers in
liquid rystal solvents the MS oupling between the bak-
bone and the side hains is always positive, i.e., tends to
align them, in the SCLCP the oupling due to the ef-
fetive spaer attahment ompetes against the nemati
oupling between the side-hain and the bakbone. This
yields an eetive nemati oupling between the bak-
bone and the side hains whih an be either positive
or negative, depending on the relative strength of the
two terms. In Wang and Warner theory exluded vol-
ume interations are not taken into aount. Thus, we
should expet it to be valid in the limit where the Maier-
Saupe interation is muh stronger than exluded volume
interations. The possibility of mirophase separation
driven from the ompetition between the mesogens and
the bakbone + spaer omplex is not onsidered in the
aforementioned theories.
In this paper, along the lines of Holyst and Shik[18℄
and Reenders and ten Brinke[7℄, we study the interplay
between mirophase separation and nemati ordering in
SCLCP. We treat an intermediate region where both ex-
luded volume eets and Maier-Saupe interation are
present. We onsider that the Maier-Saupe interation
ats only between rods and that the exluded volume ef-
fet ats among all monomers. This should be a reason-
able approximation when both spaer and bakbone are
exible. We model the SCLCP as a omb polymer om-
posed of a bakbone and spaer as in referene [10℄ with
rigid rods attahed to the tips of the omb teeth. The
omb polymer melt is treated as a set of Gaussian hain
with Flory-Huggins interation and Maier-Saupe inter-
ation between rods. The Landau free energy funtional
is derived and the spinodal stability urves are obtained
as funtion of the SCLCP strutural and interation pa-
rameters. Within our formulation the main dierene
between a rod-oil polymer formed by the spaer and
rod and the SCLCP arises from the inter-rod and inter-
spaer orrelations indued by the onnetivity through
the bakbone. Sine our main aim in this paper is to
study the mirophase separation instabilities we will not
onsider here the nemati ordering of the bakbone.
II. THE MODEL
We model a melt of monodisperse np side-hain poly-
mers with N segments of statistial length b as a hain of
nt rod-oil opolymers regularly attahed to a bakbone
as shematially represented on gure 1. The bakbone
and the spaer (i.e., the oil part of the rod-oil opoly-
mer) are exible Gaussian hains of nb and ns monomers
respetively. The rigid rods are made of nr segments
linearly arranged along a xed diretion. It is useful to
dene the volume fration of the rods, fr =
nrnt
N , the
volume fration of the spaers fs =
nsnt
N and the volume
fration of the bakbone segments , ft =
nb
N .
There are two important interations that we onsider
in our model. The rst one is the steri repulsion between
any monomers. The seond interation is the Maier-
Saupe potential[19℄[20℄ that tends to align the mesogens.
We write the interation Hamiltonian as
βHI =
∑
K 6=K′∈(b,s,r)
∫
dx ǫKK′ φˆK (x) φˆK′ (x)
−ω
2
∫
dx Qˆµν (x) Qˆνµ (x) , (1)
where K and K ′ represent the monomer speies indexes,
i.e, bakbone segment, spaer segment or rod segment,
while ǫKK′ and ω are the strength of the interation
potentials. Equation (1) is already written in terms
of the volume frations φˆK (x) and the nemati tensor
Qˆµν (x) of the rods, where the loal volume frations of
the speies are dened as
φˆb (x) = v0
np∑
α=1
∫ nb
0
dτ δ
[
x−Xbα (τ)
]
, (2)
φˆs (x) = v0
np∑
α=1
nt∑
j=1
∫ ns
0
dτ δ
[
x−Xs,jα (τ)
−Xbα
((
j − 1
2
)
δt
)]
, (3)
φˆr (x) = v0
np∑
α=1
nt∑
j=1
∫ nr
0
dτ δ
[
x− ujα τ
−Xs,jα (ns)−Xbα
((
j − 1
2
)
δt
)]
, (4)
where v0 is the volume of eah segment and j labels the
side-group position along the bakbone. For the bak-
bone, Xbα (τ) is the urve that desribes the onforma-
tion of the hain α as a funtion of τ , whih labels the
monomers in the hain. For the spaers, separated by
δt = nbnt segments, X
s,j
α (τ) desribes their onforma-
tion starting at position Xbα
((
j − 12
)
δt
)
on the bak-
bone. The unit vetor ujα denes the orientation of the
rod j, onneted to the end of the spaer at position
Xs,jα (ns) +X
b
α
((
j − 12
)
δt
)
.
The nemati tensor of the rods is dened as
Qˆµν (x) = v0
np∑
α=1
nt∑
j=1
∫ nr
0
dτ
(
ujµ,αu
j
ν,α −
1
3
δµν
)
3×δ [x− ujα τ −Xs,jα (ns)
−Xbα
((
j − 1
2
)
δt
)]
. (5)
For the sake of simpliity we will onsidered that the
bakbone and the spaer are made of the same segments.
In this way, they an desribed by a single eld φˆc =
φˆb + φˆs.
Following Gupta and Edwards [21℄ we rewrite the par-
tition funtion of the entire melt in terms of olletive
variables φc, φr,Q as
Z =
∫
Dφc
∫
Dφr
∫
DQe−βHI [φc,φr,Q]Z0 [φc, φr,Q]
(6)
where Z0 is the partition funtion of independent SCLCP
moleules whih yields the entropi ontribution to the
total free energy and is given by
Z0 ∝ Πnpα=1Πntj=1
∫
DXbα
∫
DXs,jα
∫
Dujαδ
(
φc − φˆc
)
×δ
(
φr − φˆr
)
δ
(
Q− Qˆ
)
δ
(∣∣ujα∣∣− 1)
×e−βH0[Xbα,Xs,jα ] . (7)
The Hamiltonian of unperturbed Gaussian hains, H0,
is written as
βH0 = − 3
2Nb2
[∫
Dτ
(
∂Xbα (τ)
∂τ
)2
+
∫
Dτ
(
∂Xs, jα (τ)
∂τ
)2]
.
As disussed by Shinozaki et al.[10℄, this assumption
of Gaussian statistis for the hains is probably not the
more realisti sine the hains might be strethed rela-
tive to the Gaussian ase. Nevertheless, for omb with
an evenly spaed teeth and small monomer density, the
Gaussian desription is still reasonable.
We now use auxiliary elds hc, hr and h
µν
Q to express
the Dira deltas in equation (7),
Z0 [φc, φr,Q] ∝
∫
Dhc
∫
Dhr
∫
DhQe−i
∫
drhcφc
×e−i
∫
drhrφre
−i
∫
drhµν
Q
Qµν
× exp {−F1 [hr, hc,hQ]} , (8)
where
exp {−F1 [hr, hc,hQ]} ≡ Πnpα=1Πntj=1
∫
DXbα
∫
DXs,jα
×
∫
Dujαδ
(∣∣ujα∣∣− 1)
×e−βH0[Xbα,Xs,jα ]ei
∫
drhcφˆc
×ei
∫
drhrφˆre
i
∫
drhµν
Q
Qˆµν
. (9)
Following referenes [21℄ and [22℄, the integrals over
the auxiliary elds in equation (8) are approximated a-
ording to the steepest desent method. We write the
entropi ontribution to the free energy, F1 [hr, hc,hQ],
as :
F1 [hr, hc,hQ] =
[
hr hc h
µν
Q
]
G(2)µνρσ

 hrhc
h
ρσ
Q

 , (10)
where G(2)µνρσ is the matrix of non interating pair or-
relation funtions :
Gµνρσ =

 Grr Grc G
ρσ
rQ
Gcr Gcc G
ρσ
cQ
G
µν
Qr G
µν
Qc G
µνρσ
QQ

 . (11)
The non-interating hains pair orrelation funtions
are given by
GKK′ (x,x
′) ≡
〈
φˆK (x) φˆK′ (x
′)
〉
0
G
µν
K Q (x,x
′) ≡
〈
φˆK (x) Qˆ
µν (x′)
〉
0
for K,K ′ = r, c, and
G
µν,ρσ
QQ (x,x
′) ≡
〈
Qˆµν (x) Qˆρσ (x′)
〉
0
where 〈...〉0 means the average over the partition funtion
of the unperturbed Gaussian hains 8 and φˆK (x) and
Qˆµν (x) are dened in equations (2), (3), (4) and (5).
We an now expand the total free energy of the system
as a funtion of the order parameters φ and Q following
the same proedure as in referenes [22℄ and [7℄. At this
point, we assume that the system is inompressible, i.e.,
φc (x) + φr (x) = 1 , (12)
whih for q 6= 0 means
φr,q = −φc,q ≡ φq .
After applying ondition in Hamiltonian, the exluded
volume interation term redues to
χ
∫
dx φˆ (x)
2
,
where χ = ǫcc + ǫrr − 2ǫcr is the usual Flory- Huggins
parameter[23℄.
The seond order expansion term, whih denes the
stability limits of the isotropi phase against utuations
of the order parameters, is given by
F [φq,Qq] = 1
2
∑
q
[
φ−q , Q
µν
−q
]
Γ(2)µνρσq
[
φq
Qρσq
]
.
(13)
4The seond order vertex Γ(2)µνρσ is the inverse of the
matrixGµνρσ , as alulated in referenes [7℄ and [24℄, plus
a diagonal matrix that ontains the terms for the Flory-
Huggins interation and the Maier-Saupe potential:
Γ(2)µνρσ = [Gµνρσ ]−1 −
(
2Nχ 0
0 2Nω3
)
. (14)
This approximation for the seond order vertex, known
as random phase approximation (RPA) is onsidered as
reasonable for dense mixtures of strongly orrelated poly-
mer hains, where the utuations are very small [25℄[26℄.
The alulation the matrix (14) follows along the same
lines of referene [7℄. The major dierene here is that
there are additional orrelations between the rods and
the spaers attahed to the same bakbone, in ontrast
to the rod-oil opolymer studied in referene [7℄. For in-
stane, the Fourier transform of the rod-rod orrelation
funtion in the SCLCP is given by
Grr (q) = f
2
r
[
1
nt
Krr (lq)
+e−2q
2R2sFr (lq)
2
(
Dnt (qRb)−
1
nt
)]
(15)
where, Krr (x) =
2
x2 [cos (x)− 1 + xSi (x)], is the rod-
rod orrelation funtion for the rod-oil opolymer stud-
ied in referene [7℄, Fr (x) =
Si(x)
x is the form fator of a
rod of length l and Dn (x) =
1
2n2
e−x
2
+sinh
(
x2
n
)
n−1
sinh2
(
x2
2n
)
is the
Debye funtion for the bakbone. Here we use l = nrb as
the length of the rod and Rs =
√
nsb2
6 and Rb =
√
nbb2
6
as the gyration radius of the spaer and of the bakbone
respetively.
Note that in the limit nt = 1 and δt→ 0 the orrelation
funtion (15) redues to the rod-rod orrelation funtion
for the rod-oil opolymer studied in referene [7℄. In the
opposite limit, for nt ≫ 1, whih is the ase of SCLCP the
rod-rod orrelation funtion is dominated by the inter-
rod orrelations within a SCLCP and it is mostly inu-
ened by the bakbone and spaer orrelations. This is
what leads to the main aspet of the physial proper-
ties of SCLCP when ompared to rod-oil opolymers
and to the strong dependene of the mesophases on the
strutural parameters of the SCLCP [6℄[1℄. The other
orrelations funtions are shown in appendix A.
Also, as done in referene [7℄, we onsider a nemati
ordering parallel to the wave vetor q:
Qµν (q) = Q (q)
(
qµqν
q2
− δ
µν
3
)
. (16)
I
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S
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Figure 2: Eet of the polymerization degree and the rela-
tion between the Maier-Saupe and Flory-Huggins interations
on the phase diagram for SCLCP for (a)
ω
χ
= 1 (b) ω
χ
= 8.
The isotropi phase is denoted by I, while the mirophases,
nemati and smeti phases are labeled as M, N and S
respetively. The diagrams were alulated for
N
nt
= 25, dif-
ferent values of and nt and δt as indiated .
III. PHASE BEHAVIOR
A. Stability limits of the isotropi phase: phase
diagram
The stability of the isotropi phase against utua-
tions of the order parameters is given by the spinodal
urve. The roots of the determinant of Γ(2)µνρσ dene
an expression for χ as a funtion of the wave vetor q,
the strutural parameters nr, ns, nt, δt and the ratio
between Maier-Saupe and Flory Huggins interations:
det
[
Γ(2)µνρσ
]
= 0→ χ
(
q, nr, ns, nt, δt,
ω
χ
)
. (17)
5For nr, ns, nt, δt and
ω
χ xed, the spinodal urve is de-
termined by the minimization of χ with respet to q. This
has been alulated using a program written for Math-
ematia and available from the authors by request. As
disussed in referene [24℄, if the value q∗ that minimizes
equation (17) is equal to zero, the isotropi phase is un-
stable to a nemati phase. If q∗ 6= 0, then the isotropi
phase is unstable against modulations of the volume fra-
tion, whih gives raise to mirophase separation. On that
basis, it is possible to onstrut a phase diagram that
skethes the the transition from an isotropi phase to an
ordered stated as a funtion of the strutural parameters
of the model. For shortness and simpliity, in this paper
we denote as IN the spinodal obtained from the ondi-
tion q∗ = 0 and IM the spinodal alulated aording to
q∗ 6= 0.
B. Eet of the polymerization degree
In gure 2, we show the eet of the polymerization
degree on the phase diagram for two dierent values of
the ratio
ω
χ . In both ases, the phase diagram for δt = 1,
nt = 1 is the same as the rod-oil diblok opolymer
phase diagram alulated in referene [7℄. The region
under the urves orresponds to an isotropi phase, de-
noted as I in the gure. Above them, the phase an
be either nemati (N), mirophase (M) or smeti (S),
whih is superposition of the nemati ordering and den-
sity modulation. When the Maier-Saupe interation is
of the same order of the Flory-Huggins interation, i.e.
ω
χ = 1, the phase diagram shows the possibility of having
mirophase segregation before the transition to a sme-
ti state, like in phase diagram (a) of gure 2. If the
value of the ratio
ω
χ is suh that there is no rossing
point between the two spinodals, as in phase diagram
(b) of gure 2, there is no mirosegregation for any vol-
ume fration. This might be attributed to the fat that
in this ase, the Maier-Saupe interation is stronger than
the Flory-Huggins interation. Therefore therefore the
nemati ordering ours rst than the modulation of the
density.
We note that the spinodal urves for the isotropi-
nemati instabilities, are given by
ω =
15
2f2r
(
N
nt
) . (18)
This instability line does not depend on the polymer-
ization degree of the SCLCP but only on the ratio
N
nt
, i.e,
the total number of monomers in eah rod-oil omb plus
δt. This is exatly the same dependene as the ase of a
single rod-oil studied in referene [7℄. It is a onsequene
of the approximated model we adopted where the rods
only interat through the Maier-Saupe oupling among
themselves. Sine the isotropi-nemati instability ours
at the wave-vetor q = 0, the inter-rod oupling along a
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for the formation of mirophases.The strutural parameters
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SCLCP hain is not inuened by the bakbone or the
spaer.
The spinodal urves for the isotropi-mirophase in-
stabilities are shifted towards higher temperatures as the
degree of polymerization inreases. Aording to Finkel-
mann ad Rehage [27℄, this behavior is well established
experimentally, and an be understood by the restrition
of the translational and rotational motions of the meso-
geni moleules due to the linkage to the bakbone. After
nt ≈ 10, the hain length is suh that there is no orrela-
tion between the rst monomer in the hain and the last
added. Therefore, the instability urve is hardly aeted
by the polymerization degree.
The spinodal urve IM is also inuened by the ratio
ω
χ
, speially in the rod-rih regions, as an be seen ompar-
ing phase diagrams (a) and (b) of gure 2. However, this
dependene vanishes with inreasing nt and after nt = 5
the spinodal urve IM is not longer aeted by the ratio
ω
χ .
C. Charateristi length
In gure 3, we show the value of q∗ that denes the
spinodal urve IM as a funtion of the rod volume fra-
tion. The solid line is the wave vetor for the length of
the rod-oil part of the SCLCP, i.e. qrs =
2pi
nr+
√
ns
6
. As it
an bee seen from the gure, even in the rod-rih region,
the modulation period of the mirophase is determined
by both rod length and spaer onformation. Neverthe-
less, up to fr ≈ 0.8, q∗ is always smaller than qrs . As
the polymerization degree is inreased (see dotted and
dashed lines in gure 3), this dierene inreases. On
the basis of this information and the experimental data
on SCLCP disussed by Noirez and oworkers in refer-
enes [28℄[29℄[30℄, we suggest the mirophase region is
formed by strutures in whih the bakbone is onned
6between layers ontaining the rigid ores. Therefore, the
dierene between q∗ and qrs might be attributed to the
onformation of the bakbone.
D. Temperature equivalene
So far, all the information we have disussed is based
on the alulation of the Flory-Huggins parameters as a
funtion of the strutural parameters of the model and
the ratio
ω
χ . Sine it is well known that the Flory-Huggins
parameter has a dependene on the inverse of tempera-
ture of the form
χ =
A
T
+B, (19)
it is interesting to relate the onstants A and B to the
SCLCP hemial onstitution in order to give a more
realisti harateristi to our results.
From thermodynami arguments applied on the
Flory's lattie model for a polymer in a solvent, it an be
shown that the temperature dependent term of expres-
sion (19) is the enthalpi ontribution from rearrange-
ment of the ontats polymer-polymer, solvent-polymer
and solvent-solvent . See for example referene [23℄ for a
review on this subjet. This term an be estimated us-
ing the Hildebrand solubility parameters of the polymer
and the solvent segments. Following [31℄, the enthalpi
ontribution to the Flory-Huggins parameter is
A =
Vseg
R
(δpol − δsolv)2 , (20)
where the δ′s are the Hildebrand solubility parameters of
eah omponent of the mixture, Vseg is the ommon seg-
ment volume and R is the ideal gas onstant. The Hilde-
brand solubility parameters are approximated through
the relationship with the ohesive energy and the group
ontribution method [31℄ .
The athermal term in expression (19) is related to in-
ternal degrees of entropy of the polymers. Aording
to dierent authors it might have its origin in features
suh as onformational asymmetries of the omponents
of the mixture [32, 33℄ and nemati interation between
the segments originated by the exibility dierenes be-
tween the polymers. In general, this term is determined
empirially[34℄.
This equivalene between temperature and the χ pa-
rameter allows us to ompare our results with experi-
mental data available in literature. As an example, in
appendix B we alulated the Flory-Huggins parameter
as a funtion of temperature for the polyarylates shown
in gure 6, with ns = 2, nt = 30, δt = 2 and nr = 9.
This SCLCP has a isotropi-nemati transition at
T
exp
IN = 425K [27℄. As a test for the validity of the this
orrespondene between temperature and χ parameter,
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er
length.Parameters:δt = 3, nr = 10, nt = 30
we alulated the transition temperature for this poly-
mer using our model. Setting
ω
χ = 4.6 and B = −0.05 we
obtain a ritial temperature of T teoIN = 430K. Sine we
have done several approximations in the model, and the
results depend on two adjustable parameters, we must
not be too optimisti about the agreement of the model
presented here with respet to the experimental data.
Nevertheless, the agreement ahieved an be onsidered
as a good indiative of the possibility that main physial
features of the systems are present in our phenomenolog-
ial model.
From now on, we will use relation (19) to talk about
temperature instead of the Flory-Huggins parameter. In
this way our disussions will have a more intuitive bak-
ground.
E. Inuene of the strutural parameters on the
phase diagram morphology
Aording to Finkelmann and Rehage [27℄, the
shemati phase behavior of SCLCP follows the same
trends as low molar mass liquid rystals. For a xed
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Figure 6: Polyarylate used as example to alulate the de-
pendene of χ on temperature.
mesogen length, inreasing the length of the exible
spaer or the length of the bakbone segment neighboring
side hains dereases the instability temperature towards
nemati or smeti mesophases. Some aspets of our re-
sults are however dierent. First, in our model, for a
xed δt, the smeti phase is favored as ns is inreased
only if ω < ωc. Here, ωc is a funtion of the isotropi-
mirophase transition temperature urve. It is dened
as the urve ωc that rosses the urve IM at the point at
whih it starts dereasing with inreasing ns. For larger
Maier-Saupe ouplings the general trend is opposite to
that related by Finkelmann and Rehage. In gure 4 we
show the phase diagram as a funtion of the spaer length
for two dierent values of
ω
χ . In the rst ase, the behav-
ior is as desribed by Finkelmann and Rehage, while in
the seond ase, where the
ω
χ ratio is larger, the smeti
I
SM
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phase is not neessarily favored by inreasing ns . In g-
ure 5 we show the phase diagrams for a larger value of
δt. As it an be dedued from the gure, the behaviors
desribed above are maintained despite the larger value
of δt.
As disussed by Auriemma[15℄ et al. and by Finkel-
mann and Rehage [27℄, another harateristi behavior
of low moleular weight liquid rystals and enhaned in
SCLCP, is the inrease of the isotropization temperature
with inreasing length of the mesogeni groups. This
trend is also present in our model. In gure , we show
the transition temperature as a funtion of nr for dier-
ent values of the ratio
ω
χ . In this ase, the smeti phase
is favoured by both the inrease of nr the interation
ratio
ω
χ .
F. Mirophase segregation
As mentioned before, an important feature of our
model, is the possibility of mirophase segregation be-
sides the formation of nemati and smeti phases. In
this sense, our phase diagrams for SCLCP are more sim-
ilar to rod-oil diblok opolymers phase diagrams. In
these systems, the mutual repulsion of the bloks, due
to the dierene in hain rigidity, and the onstrains im-
posed by the onnetivity of the bloks result into the
formation of supramoleular strutures as small as few
nanometers[2℄. If we think about the SCLCP as being
a polymer in whih the monomeri units are rod-oil di-
blok opolymers, it is quite natural to expet the exis-
tene of suh mirophases.
This kind of interplay between liquid rystalline
mesophases and mirostruture domains is doumented
experimentally for SCLCP made of diblok opolymers,
as in referenes [35℄[36℄ . In these SCLCP, the repeated
unit is a homogeneous diblok opolymer with a liquid-
8rystalline monomer grafted to one of the bloks. Suh
kind of SCLCP exhibit mirodomains with spherial,
hexagonally paked ylindrial and lamellar struture.
The morphology of their phase diagram an be related
to the moleular weight, the blok omposition and the
χ parameter.
Therefore, the existene of mirophases in SCLCP is
a possibility that should be onsidered when performing
experiments and analyzing experimental data.
It is worth to note that despite our model predits mi-
rophase segregation for SCLCP with ertain strutural
harateristis, we an not dierentiate the symmetries
of this mirophases. To distinguish between the dierent
possible symmetries, it would bee neessary to perform
alulations with higher order terms of the free energy,
as done by Reenders et al. [7℄ for the ase of rod-oil
diblok opolymers.
G. Frank elasti onstants
As explained in the review written by Stephen and
Straley[20℄, the gradient terms in Q of the free energy
(13) are related to the Frank elasti onstants.
The usual expression for the Frank elasti energy in
terms of the diretor n is
Felastic =
1
2
K1 (∇ · n)2 + 1
2
K2 (n · ∇ × n)2
+
1
2
K3 (n×∇× n)2 . (21)
The onstants Ki are the splay, twist and bend Frank
elasti onstants. In general, the bending onstant K3 is
larger than the other two, whih are about the same order
of magnitude. In many ases equation (21) is too omplex
to be of pratial use. Thus, it might be useful onsider
all the onstants as equal. In that ase the elasti energy
is redued to
Felastic ≈ 1
2
K ∂inj∂jni, (22)
where the sum over repeated indexes is employed.
Equation (22) is not quantitatively orret but gives a
qualitative idea of the distortions in nemati liquid rys-
tals [37℄.
In gure 8 we show the orrelation funtion for the ne-
mati tensor alulated near the isotropi-nemati tran-
sition temperature. This orrelation funtion an be ap-
proximated by a funtion of the kind
GQQ (q) ≈ 1
µ+ Lq2
. (23)
The inverse of GQQ orresponds to the expansion of
the free energy term proportional to the square of the ne-
mati order parameter in power series of the wave vetor.
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The oeient µ arries the dependene on the Maier-
Saupe oupling. When µ = 0, the orrelation funtion
diverges at q = 0. Therefore, µ is dened by the the IN
urve given by equation (18),
µ =
5
f2r
− 2ω
3
N
nt
.
The oeient L , whih orresponds to
L =
nt
[
n2r (137 + 28nt) (ns + δt)
2
+ 220ns
(
n2s + 3nsδt+ 3δt
2
)]
7
[
3n2r (ns + δt)
2 + 4ns (n2s + 3nsδt+ 3δt
2)
] , (24)
depends only on the strutural parameters nr,ns,δt,
and nt. Regarding to the form of (23) , we an interpret
the quantity ξ2n =
L
µ as a orrelation length related to the
nemati ordering. Also, oeient L is the gradient term
of the free elasti energy and thus an be assoiated to
the elasti onstant K. Note that this elastiity is purely
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entropi. Therefore, by studying the behavior of the or-
relation funtion GQQ with the degree of polymerization
and the strutural parameter of the SCLCP, its possible
to obtain information of how the polymerization degree
and the size of the spaer aet the nemati ordering.
In gure 9 we show the oeient K as a funtion of
the polymerization degree for various values of ns near
the isotropi-nemati transition temperature. Clearly,
the additional orrelations introdued polymerization de-
gree raise the energy ost of the nemati distortions. This
reets as a rise of the nemati orrelation length. From
(24) it is lear that K has an asymptoti behavior of
n2t . Therefore the nemati orrelation length sales as
nt. While in low molar mass liquid the elasti energy
represents a small fration of the overall energy [37℄, its
ontribution an be amplied onsiderably by the poly-
merization in SCLCP .
On the other hand, the inrease of the spaer size
slightly redues the value of K. The longer the spaer,
the weaker the oupling between the mesogens and bak-
bone onformation and the shortest the nemati orrela-
tion length.
H. Correlation length for the density utuations
Information about the orrelation length an be ex-
trated from the volume fration orrelation funtion in
the reiproal spae, Gφφ (q). This funtion is alulated
as the rst element of the inverse of matrix Γ(2)µνρσ.
In gure 10 we show Gφφ (q) for dierent temperatures.
Even at very high temperatures, its maximum is always
at q∗ 6= 0, i.e., the homogeneous state is not the lowest
free energy state. Therefore, we suppose that near the
transition temperature, the orrelation funtion Gφφ (q)
is proportional to a funtion of the kind
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Gφφ (q) = 1
r + q2 + uq2
.
For temperatures very lose to the transition temper-
ature, we an use the approximation
Gφφ (q) ≈ 1
(q − q0)2 + ξ−2
where q0 is the wave vetor that maximizes Gφφ (q), and
ξ is the orrelation length.
In gure we show the orrelation length ξ as a fun-
tion of the redued temperature t = T−TcTc for dierent
degrees of polymerization.The hange in the value of the
orrelation length from nt = 1 to nt = 2 learly shows the
the importane of the orrelations indued by the linkage
of the mesogens to the bakbone. As the polymerization
number inreases, the orrelation length inreases. As
disussed by Finkelmann and Rehage [27℄, after a ertain
number of monomers added to the SCLCP, the orrela-
tion between the last and the rst monomer is lost.
As expeted for a seond order transition, the orrela-
tion length diverges at t = 0. Nevertheless, the form of
the orrelation funtion is suh that all the allowed wave
vetors form a spherial surfae of radius q0. Suh a on-
dition is harateristi of systems with a utuation in-
dued rst order transition, as dedued by Brazovskii[38℄.
Higher order alulations would be neessary to orrob-
orate this statement.
IV. CONCLUSIONS
As disussed above, the model we have proposed for
SCLCP is in good agreement with the experimental ob-
served trends disussed by Finkelmann and Rehage [27℄
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and Shibaev and Platé[1℄ for the transition temperatures
of the SCLCP. Moreover, for and adequate value of the
ratio
ω
χ , our model predits the existene of mirophases
with a modulated volume fration but without orienta-
tional order . These mirophases, originated from the
mutual repulsion between the rigid and exible bloks of
the SCLCP, are already observed in SCLCP made of di-
blok opolymers as explained in referenes [35℄[36℄. Nev-
ertheless, further alulations are neessary in order to
identify their symmetry .
As expeted, the additional orrelations introdued by
the linkage of the mesogeni groups to a polymeri bak-
bone through the exible have a strong inuene on the
SCLCP ritial behavior. This statement is supported
by two main features. The rst one is the swelling of the
harateristi length of the mirophase domains, that we
have attributed to the bakbone onformation. The se-
ond one is the the inuene of the spaer length ns, and
polymerization degree nt on the phase diagram topology,
orrelation length of the volume fration orrelations and
elasti energy assoiated to the nemati distortions.
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Appendix A: THE NONINTERACTING
CORRELATION FUNCTIONS
The orrelation funtions are alulated as explained
in referenes [7, 10℄, with the dierene that there is a
rigid rod attahed at the end of eah tooth of the omb
polymer.
As an example, we alulate the orrelation funtion
rod-rod. This funtion has two ontributions: one that
omes from the orrelation of the segments within the rod
and the other one oming form the interation between
segments of two dierent rods. In this way:
Grr (q) =
1
N2
nt
∫ Nr
0
dτ
∫ Nr
0
dτ ′
〈
ei(τ−τ
′)bu.q
〉
+
1
N2
e−2(qRs)
2
Nt∑
i6=j
e−
(qb)2
6 δt|i−j|
∫ Nr
0
dτ
∫ Nr
0
dτ ′
〈
eiτbu
i.q+τ ′buj .q
〉
= f2r
[
1
nt
Krr (Nrbq) + e
−2q2R2sFR (Nrbq)
2
(
Dnt (qRb)−
1
nt
)]
. (A1)
where, Krr (x), Fr (x) and Dn (x) are the the rod-rod
orrelation funtion, thee form fator of a rod of length
l and the Debye funtion for the bakbone as explained
in the text.
The other orrelation funtion, alulated in the same
way, are
Gbb (q) = f
2
bDnb (qRb) ,
Gss (q) =
f2s
nt
Dns (qRs) +
f2sFns (qRs)
2
(
Dns (qRb)−
1
nt
)
,
where Fns (qRs) =
1
ns
(
1−e−q
2R2s
e
q2R2s
ns −1
)
is the struture fator
of the spaer,
Grs (q) = frfsFr (qbnr)Fns (qRs)
×
[
1
nt
+
(
Dnt (qRb)−
1
nt
)
e−(qRs)
2
]
11
Grb (q) = 2frfb
6
b2q2
Fr (qbnr) e
−(qRs)
2
×
[
1− e 112 b2q2δtFnt (qRb)
]
,
where Fnt (qRb) =
1
nb

1−e−q2R2b
e
q2R2
b
nb −1


is the struture fator
of the bakbone segments between two side groups,
Gsb (q) = 2cfbfsFns (qRs)
6
b2q2nb
[
1− e 112 b2q2δtFnt (qRb)
]
,
where we have dened ∆µν ≡ qµqνq2 − δ
µν
3 ,
G
µν
Qs (q) = frfs∆
µνFns (qRs)KQrr (nrbq)
×
{
1
nt
+ e−(qRs)
2
[
Dnt (qRb)−
1
nt
]}
,
G
µν
Qb (q) = frfbFQr (ql) e
−(qRs)
2 6
b2q2nb
×
[
1− e 112 q2b2δtFnt (qRb)
]
where FQr (x) =
1
2x3
[
3 sin (x) − 3x cos (x)− x2Si (x)]
and KQr (x) =
4x−x cosx−3 sin x−x2Si(x)
x3 as dened in ref-
erene [7℄,
G
µν
Qr (q) = f
2
r∆µν
[
1
nt
KQrr (ql) + e
−2(qRs)
2
×Fnr (ql)FQr (ql)
(
Dnt (qRb)−
1
nt
)]
G
µνρσ
QQ (q) = f
2
r
3∑
i=1
T µν,ρσi
[
1
nt
K
(2)
Si
+e−2(qRs)
2
FQr (ql)
2
(
Dnt (qRb)−
1
nt
)
δi,3
]
,
where the tensors T µν,ρσi and the funtions Ksi are de-
ned as in referene [7℄.
Therefore, the orrelations used to alulate matrix 11
are dened as follows:
Gcr (q) = Grs (q) +Grb (q) ,
Gcc (q) = Gss (q) +Gbb (q) + 2Gbs (q) ,
and
GQc (q) = GQs +GQb.
Appendix B: THE HILDEBRAND PARAMETERS
Aording to referene [31℄, for non polar substanes,
the solubility parameter an be alulated through its re-
lationship with the ohesive energy and its molar volume:
δ =
√
Ecoh
V
(B1)
Using to the group ontribution method, the solubility
parameter of a monomer unit is expressed as the sum of
independent ontributions from the atomi groups that
onstitute the unit,
Ecoh =
∑
i
E
(i)
coh. (B2)
In the ase of interest, we are onsidering the mixture
of two omponents: the omb polymer (bakbone and
spaer). Therefore, it is onvenient to hoose the the
segment unit as having a molar volume equivalent to that
of the CH2. In this way, using (B1) and the with the data
in referene is [31℄, we nd that the Hildebrant solubility
parameter for the exible part of the polyarylate is
δpol = 16.13
(
Jcm−3
)1/2
.
For the rigid part, we must divide the ohesion energy
of the whole group by nr. This is equivalent to substitute
the rigid rod by a hain of nr units of CH2 eah one with
a solubility parameter δsolv =
√
Ecoh
rod
nrV
. In this way we
obtain the Hildebrant solubility parameter for the rigid
ore,
δsolv = 7.73
(
Jcm−3
)1/2
.
By substituting and in δpol and δsolv in 20, it is possible
to alulated transition temperatures.
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